In open-path Fourier Transform Infrared spectroscopy, the generation of a suitable background single-beam spectrum is of major concern. The Shifting Method is a derivative-like approach to correct for the background without the need to actually measure a background spectrum using the sample single-beam spectrum. A thorough study of the Shifting Method was conducted. A set of guidelines was developed based on the results of artificial and closed cell data. These guidelines were applied to three different data sets, consisting of cell and open path data with multiple compounds, overlapping peaks, and high water vapor and aerosol levels.
INTRODUCTION
The technology of open-path Fourier Transform Infrared spectroscopy (op-FTIR) has found a wide range of applications over the last years 1 for such diverse applications as outdoor and indoor analysis at industrial sites as well as in homes. [1] [2] [3] [4] [5] [6] [7] [8] [9] FTIR instruments usually are single-beam instruments, which makes the separate acquisition of a background single-beam spectrum (SB-spectrum) necessary to obtain transmittance spectra. In op-FTIR setup, the acquisition of a background spectrum under the same conditions as the sample IMPLICATIONS Continuous air monitoring with open-path Fourier Transform Infrared spectroscopy can be performed without the need to actually measure a background spectrum and with assurance that the baseline will be accurate.
spectrum, but without containing the analytes, is experimentally difficult.
Over the years, multiple methods for correction of the background have been developed to overcome this problem. 10, 11 In general, one can try to record an analytefree background spectrum by modifying the experimental conditions under which the sample is taken. Another way is to manipulate the sample SB-spectrum itself to derive a suitable background spectrum. Methods that are based on obtaining an actual background SB-spectrum are called "Library," "Short-path," "Upwind/Sidewind," and "Average Background." [10] [11] [12] Methods based on manipulation of the sample SB-spectrum include the methods of generating a synthetic background, "Backfitting" and "Iterative Adaptations." [13] [14] [15] [16] For all methods listed, some general statements can be made:
• They are complicated and require a high degree of experience.
• None of them is valid for all applications of op-FTIR. (The applicability varies from situation to situation.) • They are work-and time-intensive.
• They are location-and time-dependent.
• They have to be repeated frequently. The Shifting Method for use in op-FTIR was first introduced in 1993. 17 This method is a derivative-like approach to correct for the background without the need to actually measure a background spectrum using the sample SB-spectrum. Therefore, there is no dependency on location and time, which can cause serious problems in quantitative analysis of op-FTIR spectra. 15 In a thorough study of artificial and laboratory data, the Shifting Method proved to be appropriate for quantitative gas analysis with FTIR. It also proved to be better than first derivatives calculated with Savitzky-Golay filter functions. 1 The conclusions drawn from this study were summarized as a set of guidelines as follows:
• A shift has to be an integer multiple of the digital resolution in order to avoid numerical errors.
• For spectra with a small amount of noise or sharp bands of large amplitudes, a shift of a few wavenumbers is sufficient. The broader the peak and the higher the noise level, the larger the required shift. Good results are achieved when shifting between half and the full Full-Width-at-Half-Height (FWHH) of the broadest band.
• When quantifying using only one peak, a lineshift due to lack of reproducibility of the wavenumber axis that is smaller than 10% of the FWHH will cause a deviation from the real concentration by not more than approximately ±5%. This means that especially for sharp bands, a high degree of reproducibility or, alternatively, a wavenumber correction, is necessary.
• As is valid for most analytical methods and for the use of Classical Least Squares (CLS) analysis as a quantification tool, the concentration of the reference spectrum should be in the same range as the concentration of the sample spectrum to avoid deviations from linearity. This paper presents the application of the Shifting Method using these guidelines for data with overlapping peaks and field data containing methanol and ammonia, as well as spectra obtained under high water vapor and aerosol conditions.
MATHEMATICAL DESCRIPTION OF THE SHIFTING METHOD
One important condition for quantitative spectrometric analysis is a linear relationship between absorbance and concentration, as stated in Lambert-Beer's law:
In the case of FTIR spectrometry, I is the single-beam sample and I 0 the single-beam background spectrum. One alternative to "ratioing" against a background spectrum is the calculation of first derivatives 67,68 of the negative logarithm of the SB-spectrum. 69 This leads to the single-beam derivative (SD) absorbance spectrum, A' SB ,
Eq 2 shows that for A' SB , there exists (for a given pathlength d) a linear relationship with the concentration if (log 10 I 0 )' remains constant. This is equivalent to the demand that the ratio between the slope and the absolute value of I 0 remains constant at the wavenumber (~) υ , at which the following is measured: This condition is practically always fulfilled, because the numerical value of I 0 ' (~) ν is negligible compared with the one for I 0 (~) ν . In practice, this results in a baseline around zero for derivative spectra. Hence, the usual numerical methods of linear algebra can be applied to the multivariate analysis of SD-absorbance spectra. The Shifting Method uses the original SB-spectrum shifted by ∆υ for ratioing
A SB ∆ is the shift ratioed absorbance spectrum (SR-absorbance spectrum), if ∆υ is small compared with the FWHH, the following approximation holds:
Eq 5 shows that for SR-absorbance spectra, the same conditions for the applicability of linear multivariate analysis hold as for SD-absorbance spectra. Further, the amplitude of SR-absorbance spectra is proportional to the increment used for shifting. When applying the Shifting Method, each singlebeam sample spectrum has to undergo the process mathematically described by eq 4.
QUANTITATIVE ANALYSIS
Quantitative analysis was performed by means of CLS analysis. 18 In this method, a spectrum with a known concentration (reference spectrum) is fitted to the spectrum of an unknown (sample spectrum).
To be able to apply Lambert-Beer's law for quantification, the absorbance of each individual compound in a mixture cannot be affected by the presence of other compounds. 19 The following set of equations can be used to describe the multicomponent analysis for n wavenumbers: 
where A s = absorbance in sample; A r = absorbance in reference; i = wavenumber (total of n wavenumbers); j = component (total of m components); c s = sample concentration; c r = reference concentration; and k c c s r = = concentration ratio. For computational purposes, the use of a matrix representation for eq 6 is easier 
This can be written as 
where the bold print represents the respective matrix. Different models have been developed to take into account the underlying baseline. 20 The quantification software used in this study presumed that the baseline of sample and reference spectra was linear over each peak (ETG Continuous Monitor Analysis Software). As a consequence, different equations have to be set up for every single peak. The concentration of a compound j is presumed to be constant over a peak p.
The absorbance of a sample s at a wavenumber i for a peak p can then be written as an expansion of eq 6 For computing purposes, the following matrix representation for the least squares method for a linear baseline over a peak (eq 9) was used = k j and the slope and intercept of the linear baseline (Vector S) was calculated separately for each peak, using the CLS analysis method so that the sum of squares of the error was minimized. The different k values for each compound were pooled. Different weighting factors were then applied to calculate a final k j and, thus, concentration c j s . 20 To be able to use mathematical tools such as CLS analysis for quantification of spectra generated using the Shifting Method, the single-beam reference spectrum has to be treated the exact same way, using the identical ∆υ (eq 5) for the reference and sample spectrum. used for this study. The two compounds show one overlapping feature in the fingerprint region (ethylene, CH 2 -wagging at 949 cm -1 and trichloroethylene, CCl stretch band at 912-966 cm -1 ). Figure 1 shows an absorbance spectrum of a mixture with 400 ppm*m ethylene and 1,600 ppm*m trichloroethylene. The overlapping feature was used for CLS analysis (wavenumber range for quantification approximately 900-980 cm -1 -adjusted depending on the shift). Since a cell was used, a true background spectrum could be used to compare the results of the Shifting Method with those of the conventional method using a clean background SB-spectrum to calculate an absorbance spectrum.
EXPERIMENTAL DATA AND METHODS
The mixtures were made by mixing trichloroethylene and ethylene from certified gas standards in various ratios, without using additional dilution gas. Three mixtures were prepared:
• Mixture 1: 1,600 ppm*m ethylene, 400 ppm*m trichloroethylene • Mixture 2: 1,000 ppm*m ethylene, 1,000 ppm*m trichloroethylene • Mixture 3: 400 ppm*m ethylene, 1,600 ppm*m trichloroethylene
Reference spectra were generated under the same experimental conditions for the single compounds; the reference concentration for each compound was 1,000 ppm*m. In the wavenumber range of interest, water was not an interference. The use of certified cylinders with the analytes diluted in nitrogen made adding a water spectrum to the quantitative analysis unnecessary.
Open-Path Data from a Wastewater
Treatment Plant This data set was generated at a wastewater treatment plant of a petrochemical facility in Germany. 21 This facility treated industrial and sanitary sewage from the petrochemical facility. The wastewater treatment plant consisted of two basins of 10 m × 20 m and one sewage drainage.
The instrument used for this study was an op-FTIR (ETG Co.). It was equipped with a MCT detector that was cooled with a Sterling engine. The setup was monostatic, with a total pathlength of 196 m and an optical resolution of 1.0 cm -1 (digital resolution 0.5 cm
). The instrument was installed about 2 m above the water level in the basins.
Compounds analyzed in this study were methanol and ammonia. Figure 2 shows reference absorbance spectra of these two compounds in the regions that were used for quantification. The concentration-pathlength product peak intensities of the sample spectra were in the same range as those of the reference spectra. For the quantitative analysis by means of CLS, the fingerprint regions of both compounds were used. The region used for analysis was adjusted according to the amount of shift and was in the range of 880 to 1,200 cm -1 .
Open-Path Data with High Water Vapor and Aerosol Concentration
This data set was part of a series of experiments to study the influence of humidity and water aerosols on limits of detection and noise levels in op-FTIR. 22 The experiments took place in a chamber that was 0.85-m wide, 1.18-m long, and 1.53-m high. The chamber was equipped with a shower to generate extremely high water vapor concentration and water aerosol conditions. The FTIR beam crossed the chamber at a height of 110 cm from the chamber floor. An aqueous solution of chloroform was injected into the water stream prior to entering the chamber. The data set was used in this study because it represented the worst case scenario for water vapor concentration.
The instrument used was an op-FTIR (Nicolet Instrument Corp., Madison, WI), with a liquid-nitrogen-cooled MCT detector. The setup was bistatic with a pathlength of 1 m. The optical resolution was set to 2 cm of chloroform showed a peak at 772 cm -1 that was used for quantitative analysis ( Figure 3 ).
RESULTS AND DISCUSSION
Closed Cell Data Applications of the Shifting Method to this data using the guidelines developed was expected to give good results, since the instrument noise level was low and spectral purity was high in this data set. The data set was generated using a closed sample cell, which made obtaining a background SB-spectrum possible. Thus, the results of the Shifting Method could be compared directly with those of the conventional method.
Besides those two methods, the method of first derivatives was used without (Point difference) and with filter functions after Savitzky-Golay. 25 The Shifting Method calculates differences in ordinate without a smoothing function. Savitzky-Golay filter functions are moving filter functions, corresponding to a least squares fit in a specified window of data points. The degree of smoothing is determined by the order of the polynomial that is fitted and the number of data points over which the fit is calculated. A polynomial of the second order was used for this study with two different numbers of points, 5 and 15. The method of first derivatives was applied to the singlebeam sample and single-beam reference spectra (eq 2).
Based on results obtained on artificial and laboratory data, 1 all four methods were expected to be suitable for this data set.
For the Shifting Method, three different shifts of 1, 3, and 10 cm -1 were selected. Using the guidelines, for ethylene, a shift of 1 cm -1 to 3 cm -1 was expected to give the best results. For the same reasons, for trichloroethylene, a shift of 1 cm -1 was expected to give results that are not as good as they would be for larger shifts.
The Shifting Method was expected to detect ethylene without large differences from the true concentration, since it was a sharp peak without extensive fine structure. For trichloroethylene, larger necessary shifts than for ethylene were expected, since the spectral feature of trichloroethylene (FWHH 20.7 cm -1 ) was broad compared with ethylene (FWHH 1.2 cm -1 ).
Since the noise level in these spectra was low, the difference between smoothed and unsmoothed first derivatives was expected to be small. Table 1 shows the results for the different mixtures and methods. The concentrations are given in ppm*m. The standard deviation σ is an estimate of the analytical error.
The results in Table 1 show that the method of first derivatives without smoothing (point difference) gave concentration results that differed significantly from the results of the conventional method. The differences were between 17.4% and 24.5% for trichloroethylene. At the 400 ppm*m level, point difference Absorbance / Wavenumber (cm-1) Figure 3 . Absorbance reference spectrum of chloroform. Concentration 96 ppm*m. The spectrum was generated in a cell with a benchtop FTIR with a resolution of 2 cm -1 . could not detect trichloroethylene at all. The deviations for ethylene were smaller, the maximum deviation 1%.
Smoothing of the data with the 5-point SavitzkyGolay function improved the results for trichloroethylene. The difference between the results obtained using the conventional method was 10.4% for mixture 1, 13% for mixture 2, and 29.4% for mixture 3. Stronger smoothing (15-point Savitzky-Golay) greatly improved the results, the largest deviation from the real concentration being 2%. For ethylene, smoothing of the data did not significantly improve the results. The deviations were still about only 1%.
The Shifting Method gave good results for both compounds. A shift of 1 cm -1 gave results that showed a maximum deviation of 2.9% for trichloroethylene. The results for ethylene were within 1.2% of the conventional method. The best results for ethylene were achieved with a shift of 3 cm -1 , the maximum difference to the conventional method was 0.5%. Ethylene was expected to be best analyzed at small shifts because the spectral feature of ethylene is a strong sharp peak. The peak-to-peak amplitude of the signal at 3 cm -1 is larger than at 1 cm -1
, which may lead to better results for the larger shift.
For trichloroethylene, a shift of 3 cm -1 gave the best results; the maximum difference to the conventional method was 1.5% (for the lowest concentration). The difference was 1.2% for mixture 2, and 0.6% for mixture 3. A shift of 10 cm -1 resulted in large differences from the calculated value for both ethylene and trichloroethylene. A shift of 10 cm -1 was expected to give better results for trichloroethylene because 10 cm -1 was equal to half of the FWHH of the overall peak. Figure 4 shows the absorbance spectrum of trichloroethylene for a shift of 3 cm -1 and for a shift of 10 cm -1 . Since the peak is a doublett, the composing bands of which have a considerably smaller FWHH, the shifting should be adapted to the smaller FWHH. This can be seen in Figure 4 .
Another reason could be that the narrower ethylene peak could be determined more accurately at smaller shifts and, therefore, made the quantification of trichloroethylene more accurate. A comparison of the spectra in Figure 5 shows that the ethylene peak is much more pronounced at a shift of 3 cm -1 than at 10 cm -1 . Although the noise level was small, the method of point differences and weak 5-point Savitzky-Golay smoothing showed large differences to the conventional method (about 20%). Both methods were not accurate for this data set. The 15-point Savitzky-Golay method was accurate for this data set. The results showed differences of about 2% from the conventional method.
The Shifting Method proved to be accurate for both compounds in all mixtures and for all shifts. The best results were achieved with a shift of 3 cm -1 . The differences from the conventional method were comparable for trichloroethylene and ethylene (max 3%).
Open-Path Data: Wastewater Treatment Plant
The spectra were analyzed using two methods to generate absorbance spectra: the conventional method and the Shifting Method. In order to generate absorbance spectra with the conventional method, a synthetic background was calculated. Figure 6 shows a single-beam sample spectrum with the synthetic single-beam background spectrum. For illustration purposes, a slight offset in the y-axis was introduced to show both curves in one figure. Figure 7 shows the resulting absorbance spectrum in that region.
For the Shifting Method, three different shifts were tested. Three shifts of 3 cm , and 10 cm -1 were tested. The shifts of 3 cm -1 and 5 cm -1 were expected to give very similar results because they were about equal to the FWHH of the peaks. The shifts of 10 cm -1 were expected to give results that were low compared with those from smaller shifts, because the peaks would be totally resolved for a shift of 10 cm -1 and the effect of noise would increase. Figure 8 shows a diagram of the results for methanol and ammonia. For methanol, the results were best for a shift of 5 cm -1 . At a shift of 3 cm -1 , two samples were below the 3σ minimum detection limit. A shift of 5 cm -1 improved the minimum detection limit because the enhancement of the signal was slightly stronger than for a shift of 3 cm -1 . A shift of 10 cm -1 did not improve the results because the peak was going through an inflection point. This produced a negative effect on the concentration analysis, the minimum detection limit was higher than for a shift of 5 cm -1 , and four samples were below the minimum detection limit (11 min, 13 min, 15 min, and 16 min).
For ammonia, all shifts gave results that clearly showed the same variation of concentration with time. A shift of 5 cm -1 gave results that were for all samples slightly higher than the results of the conventional method. A shift of 3 cm -1 gave results that were very close to those of Arbitrary Y / Wavenumber (cm-1) Figure 6 . Single-beam sample spectrum obtained at the wastewater treatment plant (bottom curve) and synthetic background spectrum (top curve). For demonstration purposes, an offset in the y-axis was introduced. Absorbance / Wavenumber (cm-1) Figure 7 . Background ratioed absorbance sample spectrum of the single-beam sample spectrum obtained at the wastewater treatment plant and displayed in Figure 6 , generated with the synthetic background spectrum as displayed in Figure 6 . [min]
the conventional method; only for three samples (11, 13 , and 16 min) were the results higher. A shift of 10 cm -1 gave results that were for all samples slightly lower than those from the conventional method. The Shifting Method proved to be suitable for this application of op-FTIR. A clearer difference between the results of different shifts had been expected. One reason for this not having occurred was that the concentration analysis was based on two peaks. Effects due to shifts that are better for one of the peaks may have been compensated for by contrary effects on the second peak due to the different FWHH of the two peaks.
The various shifts showed that for a peak with a small FWHH, such as the methanol peak, a shift of 5 cm -1 was sufficient, whereas a large shift degraded the detection limit and, therefore, worsened the results.
The Shifting Method proved to be applicable with one shift (5 cm -1 ) for two different compounds. The deviations from the conventional method for that shift were between 20 and 30%. Deviations in that range are acceptable in applications for environmental and industrial health. 23, 24 A word of caution is needed at this point about the concentration analysis of the conventional method. Since the collection of a true background spectrum was not possible, a synthetic background had to be used. The use of such a background can introduce errors in the quantitative analysis. Therefore, the true concentrations are not known. The Shifting Method could only be compared with the conventional method as a widely used background correction method.
Open-Path Data: High Water Vapor and
Aerosol Concentration As shown, the Shifting Method gave good results compared with the conventional method, when the environmental parameters were controlled or not too extreme. Since water vapor is one of the most critical factors influencing FTIR spectra, the Shifting Method was tested with a data set with high water vapor concentrations. Figure 3 shows the reference spectrum of chloroform, the selected peak at 772 cm -1 had a FWHH of 14 cm would not result in a further improvement of the signal, since the maximum enhancement possible is reached when shifting is equal to the FWHH of a peak.
In addition to a shift of 14 cm
, shifts of 6 cm -1 and 10 cm -1 were chosen. The results for the smaller shift of 6 cm -1 were expected to be low compared with those for a shift of 10 cm -1 . The results for a shift of 10 cm -1 were expected to be low compared with those for a shift of 14 cm -1 , since the FWHH of the selected peak was 14 cm -1
. Figure 9 shows the resulting spectral features when applying the different shifts to the chloroform reference spectrum. A shift of 14 cm -1 resulted in the most enhanced feature with the highest degree of fine structure. A shift of 6 cm -1 resulted in the least enhanced spectral feature with no fine structure visible.
For the conventional method, a SB-spectrum obtained at the beginning of the experiment, before chloroform had been introduced, was used as a background. Figure  10 shows an example of the resulting absorbance sample spectra in the region of interest.
During the experiment, the intensity and, in some regions, the shape of the single-beam spectra changed. Reasons for this might be stability of the instrument as well as reasons due to the aerosol concentrations that may lead to scattering of the IR beam. (They were investigated in another part of the study of this data set. 22 ) This can be seen in Figure 11 , in which the single-beam spectra of four samples taken at different times during the experiment are shown.
Before calculating the absorbance spectra, an adjustment had to be made for the different energy levels in Absorbance / Wavenumber (cm-1) Absorbance / Wavenumber (cm-1) Figure 10 . Example of a chloroform absorbance sample spectrum generated using the first single-beam sample spectrum obtained as a background spectrum.
sample and background SB-spectrum. Despite this adjustment, the resulting spectra showed baseline fluctuations, as can be seen in Figure 10 , which showed that there were changes in the baseline in the course of the experiment. Table 2 shows the results of the quantitative analysis by means of CLS for the conventional method and the Shifting Method with three different shifts-6 cm -1 , 10 cm -1 , and 14 cm -1 . The conventional method, as well as the Shifting Method, for all three shifts showed the same changes of the concentration with duration of the experiment as shown in Figure 12 . All showed a rise in the concentration up to the highest concentration after 10 min. After 10 min, the injection of chloroform was stopped and the concentration decreased.
The standard deviations for the CLS analysis were good for all samples and all shifts (between 1 and 15%). The concentration results of a shift of 6 cm -1 showed larger discrepancies than those of the conventional method (12% for samples at 5 and 10 min). They improved with larger shifts (8% for samples at 5 and 10 min at a shift of 10 cm -1 ), which can be explained by the better enhancement of the signal. As was expected, a shift of 14 cm -1 showed concentrations and standard deviations of the least squares analysis of the spectra generated using the Shifting Method that were similar to those of the conventional method. The deviation in concentration between the Shifting Method and the conventional method for samples at 5 min, as well as for samples at 10 min, was 6% for this shift.
The results of the Shifting Method for the high concentration samples at 3, 5, 10, and 12 min were up to 6% lower than those of the conventional method. The results for the lower concentration samples (1, 15, 20 , and 25 min) were higher (up to 40%) for the Shifting Method than those for the conventional method. After 25 min, the conventional method was not able to detect any chloroform, whereas the Shifting Method still detected chloroform at levels between 1.6-1.9 ppm*m.
Since the real concentrations of the samples were unknown, a correct analysis could not be made. The Shifting Method could only be evaluated against the conventional method.
The absorbance spectra of the conventional method showed baseline fluctuations and were not generated by use of a "perfect" background. The SB-spectrum at the beginning of the experiment (0 min) was used as a background SB-spectrum. The analysis of this spectrum with the Shifting Method showed that chloroform was already present at that time. The analyte-free spectrum was apparently contaminated with chloroform because the chamber could not be completely purged from earlier experiments. Thus, some chloroform was likely to have been left in the chamber air at the start of the next experiment. Since these effects may have influenced the concentration analysis, the results obtained using the conventional method were adjusted accordingly.
The Shifting Method proved to be applicable to this data set obtained under extremely high water vapor Figure 11 . Single-beam sample spectra after 1 min, 5 min, 12 min, and 20 min duration of the experiment. There was no offset introduced to the spectra; the offset was measured as displayed. .
CONCLUSION
The studies presented were one part of an extensive study of the Shifting Method. 1 The first two parts consisted of tests of the Shifting Method on artificial and laboratory data with single features. These tests led to the conclusion that the Shifting Method is a very useful tool for quantitative analysis of op-FTIR data. Evaluation under actual field use conditions with multiple compounds with overlapping peaks and under extreme high water vapor and aerosol concentrations showed that the guidelines developed on artificial and laboratory data proved correct and applicable.
Good results were achieved when shifting between 0.5 and 1.0 of the FWHH of the spectral feature of interest. Best results were achieved when shifting equal to the FWHH of the spectral feature of interest. That was particularly important for broad features (like those of chloroform). For spectral features with fine structure (like for trichloroethylene), smaller shifts led to better results because the fine structure is lost when shifting equal to the FWHH of the broad underlying feature.
After testing the Shifting Method on artificial, closed cell and op-FTIR data, the conclusion can be drawn that the Shifting Method can be used to calculate absorbance spectra, without the need for recording a separate singlebeam background spectrum.
The Shifting Method proved to be a fast and easy method to generate a derivative-like absorbance spectrum. Once the optimal shift for a spectral feature is determined, the sample spectra can be processed without error caused by recording background spectra or checking the validity of existing background spectra. The guidelines presented help to find the optimal shift.
Depending on the complexity of the spectrum, the use of more than one shift may be necessary to achieve best results for the compounds present. However, accurate results are obtainable with a trivial increase in computing times.
If the application calls for long-term measurements of the same compounds, the Shifting Method provides accurate results, even if the spectrum is complex. In long-term measurements, instrumental imperfections as well as environmental changes can require a frequent generation of a background spectrum when using the conventional method. Since the Shifting Method is not influenced by these factors, it is superior to other background generation methods in long-term measurements.
The same can be said for continuous monitoring, such as alarm systems. In those cases, the detection of environmental and instrumental changes often is difficult, as is accounting for these changes. This can lead to baseline fluctuations resulting in false positive or negative detection. 20 The Shifting Method automatically accounts for these effects and, therefore, can give more reliable results.
The resulting baseline in the absorbance spectra generated with the Shifting Method is always close to zero. In addition, the Shifting Method makes the accurate determination of the location of a peak easy. Because of these effects, the Shifting Method is a useful tool to locate and identify unexpected compounds. The flat baseline also opens the way to computing strategies, such as iterative techniques to identify unexpected compounds automatically. This will be a focus of future work on the Shifting Method.
Another focus will be the application of the Shifting Method to tomographic op-FTIR data. Using op-FTIR for tomography requires the generation of multiple background spectra for each set of scans. The Shifting Method may be one way to make the tomographic op-FTIR techniques applicable to actual environmental field use applications. .
